We have made the first detections of the 88 μm [OIII] line from galaxies in the early Universe, detecting the line from the lensed AGN/starburst composite systems APM 08279+5255 at z = 3.911 and SMM J02399-0136 at z = 2.8076. The line is exceptionally bright from both systems, with apparent (lensed) luminosities ~10 11 L . For APM 08279, the [OIII] line flux can be modeled in a star formation paradigm, with the stellar radiation field dominated by stars with effective temperatures, T eff > 36,000 K, similar to the starburst found in M82. The model implies ~35% of the total far-IR luminosity of the system is generated by the starburst, with the remainder arising from dust heated by the AGN. The 88 μm line can also be generated in the narrow line region of the AGN if gas densities are around a few 1000 cm -3 . For SMM J02399 the Universe. These are the first detections of this astrophysically important line from galaxies beyond a redshift of 0.05.
Universe. These are the first detections of this astrophysically important line from galaxies beyond a redshift of 0.05.
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INTRODUCTION
The 88 or even dominant coolants for much of the interstellar medium in dusty star-forming galaxies, and excellent extinction-free probes of the physical conditions of the gas, and/or the strength or hardness of the ambient interstellar radiation fields. Far-IR extragalactic spectral line surveys obtained with the Infrared Space Observatory (ISO) (Malhotra et al. 2001 , Negishi et al. 2001 , Brauher et al. 2008 ) detected many of these lines in >200 nearby galaxies. At least 88 galaxies were observed in the [OIII] 88 μm line, with a detection rate near 75%. The [OIII] line was typically the second or third most luminous line (after the [CII] and [OI] 63 μm lines), and in ~10% of the galaxies it was the most luminous far-IR line. The [OIII] line to far-IR continuum luminosity ratio ranges from 0.03 to 2%, with a median value ~0.15%.
To form O ++ takes 35 eV photons so that hot (T eff > 36,000 K) stars are required for strong [OIII] line emission. Since the [OIII] 88 μm line emitting level is only 164 K above ground, and has a critical density ~510 cm -3 , the line emission is insensitive to ionized gas temperature, and typically traces moderate density (~100 cm (Weiss et al. 2007 ).
Dividing by the largest magnification advocated the luminosity of the system is still ~8×10 13 L , making it both the system with the largest apparent luminosity known, and an intrinsically extremely luminous system. The strong lensing enables detection and imaging of the source in at least 6 CO rotational transitions, which arise from a disk-like structure with lensed radius ~900 pc containing ~5.3×10 11 /μ M of molecular gas (Riechers et al. 2009 ). Through detailed 6 We assume a flat cosmology, Ω Λ = 0.73, H 0 = 71 km/sec/Mpc throughout this paper.
modeling of the far-infrared through radio continuum SED, Riechers et al. (2009) conclude that the dominant heating source for the system is the AGN.
SMM J02399 is also a composite AGN/starburst system. It was the first submillimeter galaxy discovered , and the first to be detected in a rotational line of CO (Frayer et al. 1998 ). The molecular gas mass is quite large, (~2.38×10 11 /μ M , Ivison et al. 2010) , as is the far-IR luminosity (L far-IR ~2.9×10 13 L /μ, Frayer et al. 1998) . The system has at least four distinct components within a 3" diameter region. Initial ground based BVR band imaging revealed two sources: L1, a weak BAL quasar, and L2, a wispy region stretching ~ 3" to the east of L1 . Later HST imaging revealed two additional faint, extended (~0.5 to 1") components within the system, labeled L2SW and L1N (Ivison et al. 2010) . Based on precise registration between VLA 1.6 GHz, and EVLA CO(1-0) mapping, Ivison et al. 2010 make a strong case that the source of most of the far-IR luminosity is neither L1 nor L2, but rather from L2SW, located roughly between L1 and L2. L2SW has extremely red IRAC colors, and its coincidence with the molecular gas and rest-frame 333 μm continuum emission (centroid adjusted from Genzel et al. 2003) indicates that L2SW is the site of an extreme luminosity, very young starburst that likely dominates the far-IR luminosity of the system.
OBSERVATIONS
We employed the redshift (z) and Early Universe Spectrometer (ZEUS, Stacey et al. 2004 , Hailey-Dunsheath 2009 (321) km/sec. For both bands, the near diffraction limited ZEUS/CSO beam is ~11" full-width-at-half- Table 1 lists the source line fluxes and apparent luminosities. The line is extremely bright ~10 11 /μ L in both sources. For APM 08279, the [OIII] to far-IR continuum luminosity ratio is ~5.3×10 -4 , and for SMM J02399 it is ~3.6×10 -3 , so that the ratio is ~3 times smaller than the typical value in the ISO surveys for APM 08279, and ~2 times larger for SMM J02399. For both sources, the line is clearly narrow (< 400 to 600 km/sec), so that the line does not arise from broad-line region gas, and therefore either arises from the narrow line region of the AGN or from star formation regions within the system.
RESULTS

Line Luminosity
With APM 08279, we detected (12σ) the 434 μm continuum at ~348±30% mJy, in very good agreement with the 450 μm SHARC-2 value (342±26 mJy, Beelen et al. 2006 ) From SMM J02399 the 336 μm continuum was weakly (4σ) detected at ~133±30% mJy. Extrapolating from the 450 μm SCUBA flux (69 mJy) using the dust temperature (45 K) and emissivity index (1.5) typical of luminous IRAS galaxies (Dunne et al. 2000) , we predict a 336 μm continuum from SMM J02399 ~98 mJy, in good agreement with our observed value.
Minimum mass of ionized gas.
Without knowledge of the gas density, one may only rigorously calculate a minimum ionized gas mass required to support the observed [OIII] line emission. The minimum mass is obtained for the high density, high temperature limit, assuming all the oxygen is in the state O ++ for the entire HII region. This latter assumption is realistic only for nebula created by very hot (T eff >40,000 K) stars. Under such simplifications, the 88 μm line flux, F 10 is related to the minimum mass, /μ M , ~1% of the apparent molecular gas mass in these systems. For both systems, the minimum ionized gas/molecular mass fraction is small compared with that of the nearby starburst galaxy M82 (~12%, Lord et al. 1996 , Wild et al. 1992 . Note that the ionized gas mass is inversely proportional to the O/H ratio, and a strong function of the effective temperature of the ionizing stars. If, for example, the HII region is formed by stars with T eff~3 6,000 K, then only ~14% of the oxygen within the HII region is in the form O ++ , so the ionized gas mass is 7 times larger than the value given above. Vacca et al. 1996) . The gas density must be >few cm -3 if we assume the ionized gas mass is less than the molecular gas mass, and <10,000 cm -3 if we assume that the luminosity of the ionizing stars is less than or equal to the far-IR luminosity of the system. Taking densities between 100 and 1000 cm -3 which are typical of starburst regions and AGN-NLRs, and using "K49" models (10 49 ionizing photons/sec/HII region), the total gas mass traced by the [OIII] 88 μm line is ~4.3×10 10 /μ M if the HII regions are formed by stars with T eff =36,000 K, and 3-8×10 9 /μ M if they are formed by hotter (T eff =40,000 K) stars. The ionized gas is therefore between 0.6-8% of the molecular gas mass.
DISCUSSION: GAS EXCITATION MECHANISMS
The total ionization requirement is equivalent to 3-30×10 8 /μ O9V or 3-10×10 7 /μ O7.5V stars (T eff =36,000, and 40,000 K respectively, Vacca et al. 1996) . These ionizing stars generate a total luminosity of 4-40×10 ionizing photons (Lord et al.1996) . The starburst is fueled by a concentration of 8×10 8 M of molecular gas (Wild et al. 1992) . Colbert et al. (1999) ratio increases to ~1:3 for warmer dust galaxies, so that for luminous star forming galaxies one expects a 6.2 μm PAH/[OIII] 88 μm line ratio near unity. Therefore, the Spitzer upper limit does not constrain our models.
An examination of the [OIII] luminosity, far-IR luminosity, and the molecular gas mass of APM 08279 (Table 2) indicates that these tracers are well matched by a superposition of ~3000/μ M82 like starbursts if about 1/3 of the far-IR radiation observed from APM 08279 is attributed to that starburst. The remainder of the far-IR flux would arise from AGN heated dust. If the stellar population is similar to that modeled for M82 (Colbert et al., 1999) , then we require the equivalent of 5×10 8 /μ O9V stars and their associated lower mass brethren to heat the dust providing a far-IR luminosity ~6.9×10 13 /μ L . For this case, the HII regions would have gas densities similar to that of M82, n e ~180 cm -3 . The far-IR luminosity due to star formation is equivalent to a star formation rate of 12,000/μ M /year using the Kennicutt (1998) scaling law.
The AGN as the Energy Source
It is difficult to quantify the importance of [OIII] line emission from NLR clouds, as these clouds may imitate star forming clouds both in line profile and ionized gas densities. However, by simple scaling arguments we show that emission from these regions of APM 08279 may be important. AGN NLRs have typical gas densities ~100-10,000 cm -3 , with "average" values near law holds, and if the gas density is ~2000 (1000) cm -3 , for the "K" ("D") models. The 88 μm line is too weak to support smaller gas density models, and for higher gas densities, only a fraction of the 88 μm line arises from the NLR.
SMM J02399
Ivison et al. 2010 argue that most of the far-IR luminosity in SMM J02399 is due to a massive starburst centered on the source L2SW. Furthermore, since the 6.2 μm PAH flux (~5×10   -18 W/m 2 , Lutz et al. 2005) , is roughly that of the [OIII] 88 μm line, as expected for star forming galaxies, we construct a model within a starburst paradigm. Ivison et al. (1998) sensitive to gas density and the electron temperature within the HII region. Good fits to the observed line ratios and absolute fluxes are obtained for T eff =40,000 K (O7.5 stars), and gas densities of 100, or 1000 cm -3 , if one uses the low ("D") or Galactic ("K") metalicities in the Rubin (1985) models respectively. The metalicity and density solutions are degenerate since lower metalicity HII regions have higher electron temperatures, the effect of which is to increase the [OIII] 5007 Å/88 μm line flux ratio at a given density. Correction for extinction effects on the optical lines increases their flux, raising the requisite gas density by factors roughly equal to the extinction correction factor. The requisite ionized gas mass is ~3.3-30×10 9 /μ M , where the lower value is for "K" metalicities. For both cases, the ionizing flux is equivalent to that of 1.0×10 8 /μ O7.5 stars. The absorption of the full luminosity of these stars by dust would account for ~75% of the observed far-IR luminosity of the system. The inferred star formation rate is ~5000/μ M /year using the Kennicutt (1998) scaling law.
SUMMARY AND OUTLOOK
We have made the first detections of the [OIII] 88 μm line from galaxies in the early Universe. near extinction-free indicator of the hardness of the ambient radiations fields, and will strongly distinguish a starburst from AGN origin for the extreme far-IR luminosity from these two systems. 
